XPS elemental analysis
. XPS analysis for the hematite photoanodes.
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Fitting of transient absorption data
Transient absorption decay component spectra were obtained with a home-made fitting program using a Gaussian function for the instrument response function. The instrument response was not necessary for the transient absorption decays in the sub-millisecond to seconds timescale. The raw time-resolved absorption decay curves over the monitoring range were fitted globally with a multiexponential function
where ∆A(t, λ) is the transient absorption with respect to time t at wavelength λ, and A i (λ) and τ i are the amplitude and the lifetime of an exponential decay component, respectively. The resulting lifetime-resolved decays were plotted as decay component spectra, where each spectrum represents transient absorption change of the corresponding component with respect to wavelength. The sum of the exponential amplitudes corresponds with the change in absorption immediately after excitation. The local delay was resolved for each wavelength separately to correct for group velocity dispersion in the ultrafast measurements.
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Figures Figure S1 . XPS spectra of a) Fe 2p, b) Ta 4f , and c) O 1s energy regions for the hematite photoanodes with fitted components. 
